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Background: CD44 is a marker for colorectal cancer (CRC) stem cells (CCSCs), but its prognostic value
remains controversial. Furthermore, few studies have investigated the expression profile of CD44 variants in
CRC. The proto-oncogene mast/stem cell growth factor receptor Kit (c-Kit) was previously found to play
an important role in supporting CRC cells; however, the associations between c-Kit and CD44 (and its splice
variants) remain largely unknown.

Methods: A total of 148 patients with CRC were enrolled in the present study, and the levels of CD44,
CD44 splice variant (v)3, CD44v6 and c-Kit were examined by immunohistochemical staining. Associations
between these markers and clinicopathological parameters, as well as the extent to which these markers
predict progression free-survival (PFS), were analyzed.

Results: A total of 29 (19.6%), 60 (40.5%) and 66 (44.6%) patients were CD44-, CD44v3- and
CD44v6-positive, respectively. No clear c-Kit-positivity was detected in any of the patients. Analyses of
clinicopathological features indicated that positive expression of CD44v3 was significantly associated with
cell differentiation (P=0.03), and N (P=0.04), M (P<0.01) and tumor-node-metastasis (TINM) stages (P<0.01).
Univariate analysis demonstrated that T, N, M and TNM stages (all P<0.01), and CD44 (P<0.01), CD44v3
(P=0.03) and CD44v6 (P=0.02) levels were significantly associated with PFS. Furthermore, multivariate
analysis indicated that patients without CD44 expression (P<0.01) but with CD44v3 (P=0.04) and CD44v6
(P=0.02) expression exhibited significantly shortened PFS.

Conclusions: CD44, CD44v3 and CD44v6 were determined to be heterogeneously expressed in CRC,

and may aid in the prognostic prediction of patients with this disease.
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Introduction cases and 191,000 cases of CRC-associated mortality

were registered in 2015 (1). The disease is regarded as a
Colorectal cancer (CRC) remains one of the leading classic model for cancer research, since a series of genetic
causes of mortality in China, as >376,300 newly-diagnosed alterations have been reported to be involved in the
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processes of evolution from normal colonic epithelial cells
to invasive cancer (2). At present, it has been demonstrated
that most early-stage cases are curable by a single surgery,
but the long-term survival for advanced cases remains
poor (3). In 2016, a phase II study reported that an
immunotherapy agent (pembrolizumab) could result in
a marked objective response in a subgroup of patients
with deficient mismatch repair; however, this therapy
is ineffective for the majority of patients who lack the
aforementioned characteristics (4). Notably, a number of
studies in recent years indicated a key role of colorectal
cancer stem cells (CCSCs) (5-7), as well as their niche, in
disease initiation and development; this may suggest the
potential of novel therapeutic targets.

CD44 is known as a cell-surface trans-membrane
glycoprotein, which includes the standard form CD44s
(referred to as CD44) and a series of splice variants (8). In
the digestive system, CD44, alone or in combination with
other markers, has been identified to be a robust marker for
CSCs (defined as “a sub-group of cancer cells in a tumor
that possess the capacity for self-renewal and cause the
heterogeneous lineages”) (9). However, the prognostic value
of CD44 in these types of cancer remains controversial. For
example, certain studies have indicated that increased CD44
expression in gastric cancer predicts cancer progression,
short recurrence-free survival and poor overall survival
(10,11); however, there are also reports of negative and
opposite results (12,13). Notably, these discrepancies also
exist for CRC (14-16).

It is widely accepted that the role of CD44 variants
may not be identical to that of CD44 in cancer (8,17).
Although the exact function of these molecules remains
largely unknown, a number of CD44 variants have been
demonstrated to serve an essential role in the processes of
epithelial-mesenchymal transition (EMT) and metastasis
in CRC, including CD44 splice variant (v)2, CD44v6 and
CD44v8-10 (18-20); however, other variants, including
CD44v3, have rarely been studied.

The cancer stem cell niche is considered to contribute
to maintaining CSCs by providing a key signal. Previously,
c-Kit was reported to play an important role in cancer
occurrence (21), also, it can promote chemoresistance and
tumor-initiating ability in cancer (22). Targeting c-Kit
presented sound treatment effect in many cancers including
gastrointestinal stromal tumor (GIST), acute myeloid
leukemia and melanoma (21). Interestingly, c-Kit-positive
cells are found to be an important element in the intestinal
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stem cell niche (23) and it has also been demonstrated that
over-reactive c-Kit cannot only protect colon cancer cells,
but also strengthen the capacity of cell proliferation and
invasion (24). Based on these results, it is plausible that
c-Kit could be associated with CCSCs. We conducted a
retrospective study to explore the expression profile of
CD44, CD44v3, CD44v6 and c-Kit in CRC.

Methods
Patient envollment

Between January 2012 and August 2014, 148 cases were
retrospectively collected at Hainan hospital of PLA general
hospital. All patients underwent radical surgery via the
abdomen or by laparoscopy. Patients who met the following
requirements were included: (I) age >18 years old; (II)
with full clinicopathological data and (III) with regular
follow-up records. Patients with pre-operative neoadjuvant
therapies, a prior history of CRC, carcinoma in situ
or multiple cancers were excluded. Clinicopathological
parameters recorded in the present study included sex,
age, tumor location (right and left), tumor markers [CEA
(cat. no. 35542901) and CA19-9 (cat. no. 34729703); the
levels of which in the peripheral blood were tested using a
Cobase 601 system (all Roche Diagnostics GmbH) within
1 month prior to surgery], maximum tumor diameter
(cut-off, 4 cm) (25), tumor shape, cell differentiation
and tumor-node-metastasis (TNM) stage according to
the 7" Edition of American Joint Committee on Cancer
Staging System. The study protocol was approved by
the medical ethics committee of Hainan hospital of PLA
general hospital (Approved ID: 301HLFYLL15). Written
informed consent was obtained from the patients or their
relatives.

Follow-up procedure and definition of progression-free
survival (PES)

Restrictive postoperative follow-up procedures were
conducted after surgery at intervals of 3-6 months for the
first 2 years and at intervals of 6-12 months for the next
3-5 years (all cases were followed for at least 5 years). PFS
was determined from the date of surgery until any sign
of progression according to response evaluation criteria
in solid tumors: RECIST version 1.1 were noted (26),
recurrence by computed tomography or the last date of
follow-up.
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Immunobistochemical determination of CD44, CD44v3,
CD44v6 and c-Kit

Fresh samples from the surgery were immediately fixed
in 10% formalin for 30 min at room temperature, washed
by phosphate-buffered saline (PBS) (cat. no. 10010023;
Thermo Fisher Scientific, Inc.) and embedded in paraffin
and processed by standard histological methods and the
staining was carried out as previously described (27). In
brief, at least 4 consecutive 5-pm slides were cut. After
deparaffinization at 60 °C for 1 h in a dry oven, sodium
citrate solution (cat. no. E673001; BBI Life Science)
was used for antigen retrieval for 20 min then cooled to
room temperature. Subsequently 3% hydrogen peroxide
was used for blocking for 10 min at room temperature,
after washing by PBS, the non-specific antigen blocking
was then performed with 5% goat serum for 30 min at
room temperature (cat. no. C0265; Beyotime Institute of
Biotechnology). The primary antibodies used were: Anti-
human-CD44 (dilution 1:100; cat. no. ab157107; Abcam),
anti-CD44v3 (dilution 1:50; cat. no. ab34229; Abcam),
anti-CD44v6-monoclonal antibody (dilution 1:70; cat. no.
FAB3660P; R&D Systems, Inc.) and anti-c-Kit (dilution
1:100; cat. no. ab21539; Abcam). All tissues were incubated
with the primary antibodies at 4 °C overnight. By washing
with PBS again, the slides were then incubated with the
secondary antibody (dilution 1:500, cat. no. ab97033/
ab97049; Abcam) for 40 min at room temperature.
The negative control was set up via the replacement
of primary antibodies with identically diluted 5% non-
immunized goat serum (cat. no. C0265; Beyotime Institute
of Biotechnology) and a GIST was used as the positive
control for c-Kit. Staining was achieved using avidin-biotin-
peroxidase complex kits (cat. no. 434423; Thermo Fisher
Scientific, Inc.) according to the manufacturer’s protocol.
The staining results were evaluated under light microscope
at a magnification of x200 (BX51, Olympus Corporation)
by two independent pathologists from Hainan hospital
of PLA general hospital, who were blinded to the clinical
information, and the results were calculated based on the
extent of staining (defined as: 0, no staining; 1, 1-10%
staining; 2, 11-50% staining; 3, 51-80% staining; and 4,
81-100% staining) and staining intensity (defined as: 0,
blank; 1, weak staining; 2, moderate staining; and 3, strong
staining). The expression profiles of all markers were
stratified as positive or negative based on a total score >3 or
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<3, respectively, as previously described (28).

Statistical analysis

All statistical analyses were performed using SPSS version
18.0 (SPSS, Inc.). Differences in CD44, CD44v3, CD44v6
and c-Kit levels based on various clinicopathological
parameters were estimated by a 3 test or Fisher’s exact test,
if appropriate. Univariate and multivariate analyses were
performed using the Cox proportional hazards models.
Kaplan-Meier survival curves were used to compare patients
with positive and negative expression of the markers, and
significant differences were determined using the log-
rank test. Two-sided P<0.05 was considered to indicate a
statistically significant difference, and all data are presented
to two decimal places.

Results

Heterogeneous CD44, CD44v3, CD44v6 and c-Kit

expression in CRC

In total, 61 female and 87 male patients were included
in the present study. The mean age of the patients was
62.55 years (range, 20-87 years), and the median follow-
up time was 30.79 months (range, 3-94 months). A
heterogeneous expression profile of the markers was
identified in the cohort, and 29 (19.6%), 60 (40.5%) and 66
(44.6%) CRC cases were CD44-, CD44v3- and CD44v6-
positive, respectively. No clear positive c-Kit expression
was detected in any of the cases. As summarized in Table 1,
analysis of clinicopathological features indicated that cell
differentiation (P=0.03) and N, M and TNM stages (P=0.04,
P<0.01 and P<0.01, respectively) were significantly different
between cohorts with or without CD44v3 expression.
However, no significant differences were identified among
the parameters for CD44, except age (P=0.04), or CD44v6.
The immunohistochemical staining patterns (Figure 1)
indicated that most of the cancer cells were stained positive
for CD44 on the membrane. As for CD44v3, the staining
mirrored CD44 on the cell membrane, but some of the cells
also exhibited positive expression in the cytoplasm (white
arrows). The expression pattern of CD44v6 was similar to
that of CD44. In CRC samples, no expression of c-Kit was
found in the tumor area, however, it was positive in gastric
stromal tumor tissue.
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Table 1 Correlation of CD44, CD44v3 and CD44v6 expression status among varied clinicopathological parameters

CD44 CD44v3 CD44v6
Parameters No.
Pos. Neg. P Pos. Neg. P Pos. Neg. P
Gender 0.41 0.93 0.20
Female 61 10 51 25 36 31 30
Male 87 19 68 35 52 35 52
Age (y) 0.04' 0.96 0.26
<60 62 17 45 25 37 31 31
>60 86 12 74 35 51 35 51
Tumor location 0.17 0.12 0.13
Left 73 11 62 25 48 28 45
Right 75 18 57 35 40 38 37
Maximum tumor diameter (cm) 0.72 0.16 0.77
<4 81 15 66 37 44 37 44
>4 67 14 53 23 44 29 38
Tumor shape 0.83 0.26 0.73
Ulcerative 102 21 81 38 64 46 56
Mass 42 7 35 19 23 19 23
Infiltrating 4 1 3 3 1 1 3
Cell differentiation 1.00 0.03' 0.37
Well 8 1 7 0 8 2 6
Moderate 122 25 97 53 69 54 68
Poor 18 3 15 7 11 10 8
T stages 0.65 0.39 0.47
T1+2 19 3 16 6 13 7 12
T3+4 129 26 103 54 75 59 70
N stages 0.53 0.04 0.19
NO 74 13 61 24 50 29 45
N1+2 74 16 58 36 38 37 37
M stages 0.79 0.00 0.36
Mo 115 22 93 40 75 49 66
M1 33 7 26 20 13 17 16
TNM stages 0.47 0.00 0.18
1+l 65 11 54 18 47 25 40
+1v 83 18 65 42 41 41 42

*, significant statistical differences. No., number, Pos., positive; Neg., negative.
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Figure 1 Expression CD44, CD44v3, CD44v6 and c-Kit with different intensity and extent. Most of the positive staining were located on

the membrane, but some positive expression could found in the cytoplasm as the white arrows indicated. All magnifications, x200. Well,

well differentiated; Moderate, moderate differentiated; Poor, poor differentiated; c-Kit, mast/stem cell growth factor receptor Kit; GIST,

gastrointestinal stromal tumor.

Association of all parameters, and CD44, CD44v3 and
CD44v6 expression with PFS

To further estimate the prognostic value of the markers,
the present study examined the association between each
marker and PFS (Tiable 2). The results of univariate Cox
analysis indicated that shorter PFS was associated with
the following: advanced T stage [hazard ratio (HR), 2.85;
95% CI: 1.38-5.89; P<0.01], N stage (HR 2.59; 95% CI,
1.74-3.86; P<0.01), M stage (HR 2.17; 95% CI, 1.41-3.33;
P<0.01), TNM stage (HR 3.06; 95% CI, 2.02-4.65;
P<0.01), negative CD44 expression (HR 0.51; 95% CI,
0.35-0.76; P<0.01), positive CD44v3 expression (HR
1.52; 95% CI, 1.04-2.24; P=0.03) and positive CD44v6
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expression (HR 1.57; 95% CI, 1.07-2.31; P=0.02).
Subsequently, using P=0.05 as a cut-off, multivariate Cox
analysis was conducted, which suggested that TNM stage
(HR 3.54; 95% CI, 2.31-5.42; P<0.01), negative CD44
expression (HR 0.34; 95% CI, 0.19-0.59; P<0.01), positive
CD44v3 expression (HR 1.55; 95% CI, 1.03-2.34; P=0.04)
and positive CD44v6 expression (HR 1.59; 95% CI, 1.07-
2.38; P=0.02) were independent prognostic factors for CRC
(Table 2).

Prognostic value of CD44, CD44v3 and CD44v6

To further explore the prognostic value of the markers, the
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Table 2 Univariable and multivariable analysis of different parameters for PFS in the patients

Univariable Multivariable
Parameters
P HR 95% ClI P HR 95% ClI

Gender 0.38 0.84 0.57-1.24

Age 0.25 0.80 0.54-1.17

Tumor location 0.75 1.07 0.73-1.56

CEA status 0.47 1.15 0.79-1.69

CA199 status 0.13 1.41 0.91-2.20

Maximum tumor diameter 0.92 1.02 0.70-1.50

Tumor shape 0.26 1.24 0.86-1.78

Cell differentiation 0.06 1.58 0.98-2.53

T stages (T+,, vs Ts,4) <0.01° 2.85 1.38-5.89

N stages (N, vs N.,) <0.01" 2.59 1.74-3.86

M stages (M, vs M,) <0.01" 217 1.41-3.33

TNM stages (I+11 vs [lI+1V) <0.01" 3.06 2.02-4.65 <0.01" 3.54 2.31-5.42
CD44 status (pos. vs neg.) <0.01" 0.51 0.35-0.76 <0.01" 0.34 0.19-0.59
CD44v3 status (pos. vs neg.) 0.03' 1.52 1.04-2.24 0.04' 1.55 1.03-2.34
CD44v6 status (pos. vs neg.) 0.02' 1.57 1.07-2.31 0.02' 1.59 1.07-2.38

", significant statistical difference. Pos., positive expression; neg., negative expression.

present study utilized Kaplan-Meier survival analysis, in
which the cumulative survival was defined as the proportion
of cases surviving from the date of surgery to the end of the
interval. As shown in Figure 2, patients with positive CD44
expression had a significantly longer PFS than patients
without (P<0.01). By contrast, patients with positive
CD44v3 and CD44v6 expression had a significantly shorter
PFS compared with patients without (P=0.03 and P=0.02,
respectively; Figure 2).

Discussion

The present study revealed that CD44, CD44v3 and
CD44v6 were heterogeneously expressed in CRC, and
associations were reported between the positive/negative
expression of these markers, particularly CD44v3, and a
number of clinicopathological parameters. Patients without
CD44 expression, or with CD44v3, v6 expression had a
shortened PFS. The results suggest that the prognostic
value of CD44 and its splice variants are not unanimous in
CRC.

According to the CSC model, CCSCs should be
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considered to aid cancer development; these cells are
resistant to therapy (29). Clusters of these cells in the tumor
bulk are an indicator of poor prognosis. CD44 is commonly
used as a CSC marker for gastrointestinal types of cancer,
particularly colon cancer (14-16). Previous iz vitro studies
have demonstrated that CD44 can contribute to apoptosis
resistance and invasion in colon cancer cells (30,31);
however, it is worth noting that the cancer cell lines used
in those studies may not recapitulate all features of primary
tumors. In fact, a number of clinical reports have indicated
that the absence of CD44 (16,32,33), rather than the
overexpression of CD44, is associated with adverse events.
For example, Hong et al. enrolled 162 patients in a study
and found that low CD44 expression is associated with
increased tumor recurrence and short DFS (16); similar
results have been reported by Qu et 4. (32). Additionally,
Lugli et al. analyzed 1,420 cases and determined that
the loss of CD44 expression is positively associated with
advanced T stage, lymph node metastasis and vascular
invasion (33); notably, the loss of CD44 is associated with
local recurrence (34). In the present study, although no
significant differences were observed between the CD44
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Figure 2 Prognostic role of CD44, CD44v3 and CD44v6 regarding PFS. The cumulative survival indicates the proportion of cases surviving

from the date of surgery to the end of the interval. PFS, progression-free survival; Neg, negative; Pos, positive; v3, variant 3; v6, variant 6.

expression groups and clinicopathological parameters, the
role of CD44 expression in predicting shortened PFS was
demonstrated, which was consistent with the results of
previous studies (16,32).

Previous studies have indicated that alternative splice
variants of CD44 are heterogeneously expressed in CRC
(13,24). The dynamic balance between CD44 and these
variants has essential functions in regulating cancer
initiation (35), and in controlling cancer cells undergoing
EMT and metastasis (36,37). Interestingly, the majority of
studies have indicated an important role of these variants
in CRC except CD44v4 (38), for example, high CD44v2
expression is associated with worse prognosis (18), CD44v5
expression is thought related to shorter relapse-free
survival (39) but with controversy (40). CD44v8-10 is
considered to be associated with lymphatic and venous
invasion and liver metastasis (20), and CD44v9 mRNA
levels in circulating cancer cells are helpful to predict
disease recurrence, prognosis and therapeutic efficacy (41).
Notably, CD44v6 may have increased potential as a
biomarker than other variants since numerous studies have
indicated that CD44v6 overexpression is associated with
not only lymph node and distant metastases and treatment
response (42-44), but also tumor-associated mortality (45).
To the best of our knowledge, there are no published
research investigating the expression profile of CD44v3
in CRC; however, in other types of cancer, including
gastric (12) and prostate cancer (46), high CD44v3
expression has been revealed to be unimportant for
prognostic prediction. In the present study, CD44v6
and CD44v3 expression were found to be independent
prognostic factors for patients.
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In recent years, the CSC niche has been considered as a
therapeutic target for cancer. A previous study indicated that
crosstalk between cancer cells and their niche components
not only promotes cancer dissemination but also cancer
stemness (47). Additionally, c-Kit has been proposed to
be a CSC marker; overexpression of c-Kit indicates poor
prognosis in a number of cancer types, including ovarian
and pancreatic cancer (48,49). Notably, c-Kit-positive cells
contribute to the maintenance of stem cells in the normal
intestine in animal models (23). A clinical study in CRC
demonstrated that c-Kit was over-expressed (50) and that
aberrant activation of c-Kit protects colon cancer cells
against apoptosis and enhances their invasive potential (24),
the underlying mechanisms may involve the regulation of
the PI3K/Akt signaling pathway (51). However, positive
c-Kit expression in human CRC samples is controversial.
Reed er al. conducted a study with 126 samples, and the
rate of positive c-Kit expression was only 1.6% (52). The
results were further confirmed by another study (53).
The underlying reason could be that c-Kit expression is
typically restricted to normal interstitial cells, and these
cells gradually disappear with malignant transformation
of colorectal epithelial cells. In such a scenario, negative
immunohistochemical staining can be anticipated in
malignant samples (52,53). Nevertheless, the potential
association between c-Kit and CCSCs cannot be ruled out
since cell signaling can be suppressed, and on depending
on the microenvironment at a specific stage of cancer
development. The association between c-Kit and CCSCs
labeled by markers, such as CD44, CD44v3 and CD44v6,
remains to be elucidated in the future.

In conclusion, the present study demonstrated that
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CD44, CD44v3 and CD44v6 were heterogeneously
expressed in CRC, and that these markers could contribute
to the prognostic prediction of patients with this disease.
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